They were of all degrees of severity, ranging from mild and afebrile to intensely severe forms of the disease, with eosinophil percentage counts ranging from 25 to 80 per cent of the total white cells. All patients were subjected to serial electrocardiography, employing 12-leads, during and after the acute phase of the illness. In all, 208 tracings were analysed and a detailed study made for evidence of arrhythmias and other abnormalities. Of the 100 patients, 62 were male and 38 female, with an age range of from 9 to 66 years and average age of 28 years.
OBSERVATIONS
Clinical Findings. Certain symptoms suggestive of heart disease, such as dyspncea and cough, are proverbially difficult to evaluate in a disease like tropical eosinophilia, in which there is preponderant involvement of the respiratory system. Nevertheless, the presence of exertional or postural dyspncea (orthopncea), and nocturnal attacks of paroxysmal dyspncea, especially when associated with abnormal physical findings over the prxcordial area and signs of cardiac decompensation, such as engorged neck-veins, ankle cedema, and painful enlargement of the liver, should suggest the possibility of cardiac involvement.
In the present series, vague prxcordial aches and pains were complained of by at least 20 per cent of patients, but typically anginal cardiac pain was only encountered thrice. In one patient (Case 6) , the anginal pain was severe and prolonged enough to warrant a diagnosis of acute coronary insufficiency, later to be corroborated by electrocardiographic evidence of myocardial ischaemia.
The physical examination of the heart revealed relatively few physical signs. Systolic murmurs (Grade I-Ill) were heard transitorily, over the pulmonary or mitral area or over both regions, in 7 patients; accentuation of the pulmonary component of the second sound was present in 36 instances and gallop rhythm in only 3. Signs of congestive heart failure, such as tender enlargement of the liver, gravitational aedema, and distended neck veins, were observed in six patients.
Joint pains with swelling and redness were observed in 4 patients, generalized lymphadenopathy in 7, hepatomegaly with no other signs of congestive heart failure in 8, and splenomegaly in 3 patients. Hyperpyrexia, pleurisy, gastrointestinal involvement, and peripheral failure, reported as rare complications by other authors, were not seen at all in the present series. All the patients made uneventful recoveries from the malady itself. Dyspncea of effort continued for two to eight weeks after subsidence of fever in six of the cases. Apart from one patient (Case 6) who showed evidence of subendocardial infarction and later died with transmural infarction, there were no fatalities in the entire group. It was significant that cardiovascular symptoms and signs, whenever present, bore no relationship to the degree or duration of pyrexia, intensity of respiratory involvement, or level of eosinophilia, but were observed mainly in those patients in whom specific therapy was greatly delayed or when there was pre-existing heart disease.
Electrocardiographic Findings. Significant changes in the electrocardiogram (exclusive of sinus tachycardia) were observed during the acute illness in 37 of the 100 patients studied (Table I) . On the whole, the cardiographic abnormalities were mild, infrequent, and transient, with the exception of a few isolated instances in which the patterns gave reason for concern.
ILLUSTRATIVE CASE REPORTS
The following selected case reports serve to illustrate some of the types of cardiovascular involvement that may occur in tropical eosinophilia. By no means common or representative of the disease as a whole, they should be regarded as atypical or exceptional manifestations. Electrocardiograms taken on the second day of observation showed low voltage of T waves in the limb leads and in leads V4 to V6, with non-specific depression of ST-T segments in the same leads ( 
CARDIOVASCULAR INVOLVEMENT IN TROPICAL EOSINOPHILIA
By treatment with two tablets of hetrazan four times a day the patient became afebrile on the fourth day while the eosinophilia, hepatomegaly, and non-specific ST-T abnormalities disappeared by the end of the second week (Fig. iB) . Slight dyspncea of effort, general loss of strength and nocturnal cough persisted for at least a month after the start of treatment.
Comment. Cardiovascular involvement in this patient with tropical eosinophilia was suggested by the appearance of transitory electrocardiographic abnormalities in conjunction with precordial ache, dyspncea of effort, and nocturnal cough.
Case 2. A 19-year-old student became ill rather suddenly with cough, aching in the body, high fever, wheezy breathing, and dyspneea. Antibiotics, antipyretics, and diaphoretics were given for almost two weeks without avail. On the twelfth day of fever (990 and 130°F), she suddenly developed a sharp, lancinating pain over the prxcordium, with exacerbation of fever and dyspncea.
On examination, the thin and pale young woman was in obvious distress, with pain located mainly in the third and fourth left interspaces. Although the heart sounds were normal and no murmurs were detected, a superficial, scratchy to-and-fro pericardial friction rub became audible over the mid-precordial areas, it was increased in intensity by pressure on the chest-piece of the stethoscope. Rhonchi and moist sounds were heard over both sides of the chest. Signs of heart failure were not present. RUSTOM JAL VAKIL typically long, mid-and late-diastolic murmurs of mitral stenosis at the apex (observed on several occasions in the past in this patient), a new, harsh and long grade III systolic murmur, suggestive of mitral regurgitation now appeared. It was associated with slight outward displacement, of the apex thrust. A routine urine examination showed a light cloud of albumin and red cells, while a blood count showed 4-6 million red cells, 82 per cent Hb., and 22,400 white cells with 72 per cent eosinophils. The patient was put on digitalis and diuretics and also hetrazan tablets, two thrice daily.
The electrocardiogram before treatment (Fig. 3) , showed sinus tachycardia with intraventricular conduction defect, increased duration with notching and slurring of QRS complexes and depression of ST-T segments in leads I, II, and V4 to V6. After three days of treatment, the patient was afebrile and the dyspncea and cough had considerably improved The white cell count after three weeks was 9000 with 18 per cent eosinophils whilst a fresh electrocardiogram showed no evidence of the sinus tachycardia or intraventricular conduction defect, although lowering of the voltage of the T waves in the V leads was noted and thought to be digitalis effects.
The apical systolic murmur and the outward displacement of the apex had disappeared within six weeks of treatment being started.
Comment. The development of tropical eosinophilia in this patient with mitral stenosis was associated with a mild degree of cardiac enlargement, symptoms and signs of congestive cardiac failure and defective intraventricular conduction. Digitalis and diuretics exerted their expected beneficial effect but the control of tropical eosinophilia by hetrazan was judged to have been therapeutically important.
Case 4. A 14-year-old school-boy, in good health except for occasional complaints of aches and pains in the calves after walking, developed sudden and severe cough, noisy breathing, malaise, backache, nocturnal paroxysmas of dyspncea, and low-grade pyrexia. Within a few days of the onset of fever, he developed painful enlargement of the left knee, right ankle, and both shoulder joints with a pink flush over each joint. The deep cervical and right axillary lymph nodes were enlarged and tender, the liver and spleen were both just palpable, and small, tender subcutaneous nodules, undistinguishable from rheumatic nodules, were palpable over the right leg and both elbows. Examination of the throat showed congestion and follicular tonsillitis.
The urine and stools were normal. The temperature ranged between 98.60 and 1000 F and the blood count showed 19,400 white cells with 28 per cent eosinophils. The electrocardiogram (Fig. 4) showed sinus tachycardia, normal axis, increased height and duration of P waves, and mild S-T segment depressions in leads VI to V6. The joint pains and swellings, lymphadenopathy, and fever subsided within four days of the first injection of acetylarsan intramuscularly. After An electrocardiogram (Fig. 5) showed infrequent ventricular extrasystoles, sinus tachycardia, low voltage of P waves, and depression of S-T segments in leads I, II, and V2 to V6. Within two weeks of starting hetrazan, 2 tablets thrice daily, the patient was free of all symptoms, the clinical signs had disappeared and the cardiogram had become almost normal.
Comment. In addition to the signs of dry pleurisy, there were indications of cardiovascular involvement in this case of tropical eosinophilia as shown by non-specific ST-T abnormalities, low P waves, ventricular extrasystoles, and soft systolic murmur. The malady responded swiftly to treatment by hetrazan. Case 6. A 52-year-old business man who had been the subject of mild hypertension and diabetes of moderate degree for years, and who was continuously taking oral rauwolfia and tolbutamide for his ailments, was suddenly stricken with what appeared to be acute bronchitis; there was severe and unproductive cough, wheezing respiration, postural dyspnoea, and fever ranging between 990 and 1010 F. In spite of antibiotics and symptomatic treatment, his condition continued to deteriorate, and he developed a mild degree of ankle aedema with tender enlargement of the liver. The white cell count at the time of observation was 18,200 per cu. mm. with 58 per cent eosinophils. Treatment was instituted with bed rest, digitalis, diuretics, and hetrazan, two tablets, four times a day. Within 16 hours of starting this therapy he had repeated attacks of anginal pain with left arm radiation and feelings of constriction. The pains were accompanied by a moderate rise of blood pressure and mild sweating and restlessness but no vomiting. The heart sounds were feeble, and a protodiastolic gallop rhythm was audible near the apex. Rhonchi were heard all over both sides of the chest and coarse and medium sized moist rales over both bases.
An electrocardiogram taken between successive attacks of anginal pain showed left axis deviation with marked sagging of the S-T segments in leads II, III, aVF, and V2 to V6, and also inversion of T waves in leads I and aVL. This tracing strongly suggested an acute coronary insufficiency or subendocardial infarction.
Within a week of beginning treatment, the clinical condition of the patient had improved considerably, the anginal pain, cough, dyspncea, cedema, and hepatomegaly all having disappeared. During the second week of convalescence, however, the patient had a more violent and continuous bout of chest pain with bilateral radiation into both shoulders and arms, profuse sweating, vomiting, and precipitous fall of blood pressure to 96/76. An electrocardiogram taken the day after showed the typical patterns of acute myocardial infarction. A white cell count at this stage showed a leucocytosis of 16,800 per cu. mm. with 68 per cent polymorphs and 8 per cent eosinophils. Despite anticoagulant therapy, sedatives, and peripheral stimulants, the patient's condition deteriorated rapidly and he succumbed with acute pulmonary cedema about 72 hours after the onset of severe chest pain. A necropsy was not permitted.
Comment. This case serves to emphasize the serious repercussions of a relatively benign ailment in a patient afflicted with arteriosclerotic heart disease and diabetes. At the height of an attack of tropical eosinophilia he suffered acute coronary insufficiency. Treatment benefited him for a few days but then he developed acute myocardial infarction and died three days later from pulmonary cedema.
DISCUSSION
Apart from a few vague references to the subject of cardiovascular involvement in tropical eosinophilia, there are no well-controlled clinical or electrocardiographic studies or necropsy data to throw light on this important subject. As far back as 1921, Aubertin and Gerous reported a case of eosinophilia (60 to 70 per cent of total white cells) with cardiac failure and atherosclerosis of the pulmonary artery. Precordial pain, simulating angina pectoris, has been reported by Jhatakia (1946) and Vishwanathan (1948) . Of the atypical cases reported by D'Abrera (1958) one simulated rheumatic heart disease and another rheumatic fever with carditis. In a patient with tropical eosinophilia who had also mitral stenosis and congestive cardiac failure, described by Misra and Prakash (1957) , necropsy failed to disclose any evidence of recent rheumatic infection.
The paucity of existing data on the subject of cardiovascular involvement in tropical eosinophilia is not surprising in view of the fact that tropical eosinophilia was unknown to the medical profession until a few years ago. Moreover, the short course and uneventful recovery in the majority of cases leave little or no scope for investigation of this small aspect of clinical medicine which has hitherto attracted little attention.
The cardiovascular manifestations of tropical eosinophilia, although mild and generally devoid of serious consequences, may however possess dangerous potentialities when the cardiovascular system is grossly damaged or impaired by pre-existing disease. The importance of such a possibility, not stressed sufficiently in the past, is borne out by the illustrative case reports presented here. The clinical and electrocardiographic abnormalities encountered in the present case histories serve to emphasize certain points of interest. The cardiovascular system is by no means as immune to the ravages of the disease as has been believed in the past. Cardiovascular involvement is particularly frequent and significant when specific treatment is delayed, usually through mis-diagnosis, or when pre-existing valvular or ischxmic disease renders the heart more vulnerable.
The electrocardiographic findings were of mild degree and non-specific, and did not suggest gross myocardial damage. In the absence of necropsies, the pathological basis of these abnormalities, whether secondary to pyrexia, right ventricular strain, anoxxmia, eosinophilic infiltration of the myocardium, or administration of drugs, must remain conjectural. Although cardiac consequences, when they occur, are usually mild they may at times pose problems in differential diagnosis, particularly from acute rheumatic fever, rheumatic carditis, valvular heart disease, congestive cardiac failure or pericarditis. Such difficulties have been reported previously by several authors, and they have been enountered on several occasions during the present investigation.
SUMMARY
One hundred cases of tropical eosinophilia, proven hkmatologically, were studied from the standpoint of cardiovascular involvement. While prncordial pain occurred in one-fifth of all patients, in only three was the pain judged to be anginal. Systolic murmurs of varying intensity were heard in 7 patients, but always transiently. In 36 there was a loud pulmonary second sound, but indications of congestive heart failure were found in only 6 instances. Every patient except one, who died with transmural infarction, eventually recovered but in some dyspncea persisted for many weeks.
Significant abnormalities in the electrocardiogram were recorded in 37 of the 100 patients studied. They were, with few exceptions, mild and transient. When cardiovascular disorders occurred they generally bore no relation to the degree or duration of fever or to the severity of respiratory involvement. They were observed mainly in those patients in whom specific therapy was delayed or in whom there was pre-existing heart disease.
